Background: The burden of cancer is difficult to study in the context of the occupied Palestinian territory because of the limited data available. This study aims to evaluate the quality of mortality data and to investigate cancer mortality patterns in the occupied Palestinian territory's West Bank governorates from 1999 to 2009. Methods: Death certificates collected by the Palestinian Ministry of Health for Palestinians living in the West Bank were used. Direct and indirect age-standardised mortality rates were computed and used to compare different governorates according to total and specific cancer mortality. Furthermore, standardised proportional mortality ratios were calculated to compare mortality by urban, rural and camp locales. Results: The most common cause of death out of all cancer types was lung cancer among males (22.8 %) and breast cancer among females (21.5 %) followed by prostate cancer for males (9.5 %) and by colon cancer for females (11.4 %). Regional variations in cancer-specific causes of death were observed. The central-West Bank governorates had the lowest mortality for most cancer types among men and women. Mortality for lung cancer was highest in the north among men (SMR 109.6; 95%CI 99.5-120.4). For prostate cancer, mortality was highest in the north (SMR 103.6; 95%CI 88.5-120.5) and in the south (SMR 118.6; 95%CI 98.9-141.0). Breast cancer mortality was highest in the south (SMR 119.3;. Similar mortality rate patterns were found in urban, rural and camp locales. Conclusion: The quality of the Palestinian mortality registry has improved over time. Results in the West Bank governorates present different mortality patterns. The differences might be explained by personal, contextual and environmental factors that need future in-depth investigations.
Background
The burden of cancer is increasing worldwide with 12.7 million new cancer cases yearly and 7.6 million cancer deaths occurring in 2008 according to GLOBOCAN series [1] . It is predicted that there will be more than 15 million new cancer cases and 12 million deaths due to cancer in 2020 worldwide [2] .
The cancer burden is increasing rapidly in developing countries due to a variety of reasons. These include the increase in modifiable risk factors (smoking, ingestion of western diets and lack of exercise, environmental pressures) in addition to the increase in cancers of infectious diseases origin. Lack of access to prevention and control cancer services, late stage diagnoses and inadequate treatment facilities also lead to higher cancer mortality in these countries [2] . For the period 1999-2009, mortality rates for both males and females in the West Bank were lower than some western countries such as the United States of America, the United Kingdom and Italy, as well as some Arab countries such as Lebanon, Jordan and Egypt. The mortality rate among Palestinian males was higher than that for Saudi Arabia and Syria, while the mortality rate was higher among Palestinian females compared to Syrians (Fig. 1) . It is worth noting however, that the data referred to in the figure estimates are based on fragmented data provided by national statistical services in some of the listed countries, so the results should be interpreted with caution.
Like other Arab countries, Palestine began to record increasing rates of cancer during the past few years, although these rates are still lower than neighbouring countries [3] . The crude incidence rate in 2005 was 49.2 per 100,000 in the West Bank and 32.7 per 100,000 in the Gaza Strip. The cancer mortality rate for both the West Bank and Gaza Strip was 27.8 per 100,000. The most common type of cancer among Palestinian men is lung cancer followed by prostate and colorectal cancers, while the most common among women is breast cancer followed by colorectal cancer [3, 4] .
The Cancer Registry was established in Palestine in 1998 in two sites, one in the West Bank and one in the Gaza Strip, given the de facto separation of the two Palestinian regions due to the political context. Thus the physical/geographic separation of the West Bank from the Gaza Strip and the restrictions on movement in different parts of the West Bank make it difficult to have an active and effective reporting system. However, efforts continue to be made to register cases even if registration is delayed.
Given this context, an analysis of occupied Palestinian territory mortality data is of special significance as results can be used to improve the existing registration methods as well as tools for policy and interventions [5] . Thus, this paper aims to evaluate the quality of mortality data in the occupied Palestinian territory and to assess variations in cancer mortality in different West Bank governorates (Fig. 2) .
Methods
Causes of death data were obtained from the death registry within the Palestinian Health Information Centre -Ministry of Health for the years 1999-2009. The process of mortality data collection has been described in details elsewhere [6] . The data included in this analysis are based on the underlying cause of death and coded according to the International Statistical Classification of Diseases and Related Health Problems, 10th Revision (ICD-10) [7] .
The ICD-10 has been used by the Ministry of Health since the mid-1990s. Before 2003, ICD-10 sub-codes were grouped into larger groups except for selected important diseases. Valid ICD-10 codes from 1999 Table S1 .
The completeness of the death registry was assessed by estimating the expected number of deaths for each year. In fact, two crude mortality rates reported by the Palestinian Central Bureau of Statistics (PCBS) ( Table 1) were used. The latter rates are estimated by the PCBS based on the complete data of the census and population registry. Two mortality rates provided by the PCBS were used: mortality rates based on the 1997 census forward projections (1997 census estimates) and mortality rates based on the adjusted backward projections based on the 2007 census (2007 census estimates) [8] .
Analyses were carried out for reported deaths from all of the West Bank governorates. Although Palestinian East Jerusalem is one of the eleven West Bank governorates, it was excluded from the analysis because data were available only for a small proportion of Palestinians living under Palestinian control. The majority of Palestinian East Jerusalemites are under direct Israeli control. Therefore, death certificates are not issued by the Palestinian Ministry of Health (PMoH). The data included deaths for 11 years for all governorates except Jericho, which has missing information for the year 2006.
Classical mortality indicators were computed by a Fortran package for population mortality analyses developed in the Department of Biology, in Pisa University [9] .
Analyses were carried out using a Palestinian population structure obtained from the PCBS for the year 2007. To allow for international comparison, direct age standardised mortality rates were obtained using the World Population Structure [10] and reported with 95 % confidence intervals (95 % CI). Crude and standardised rates are reported per 100,000 inhabitants.
Standardised mortality ratios, defined as the ratio of observed number of deaths by the expected ones, were computed and reported as percentages (SMR%) with associated 95 % confidence intervals (95 % CI). The expected number of deaths was obtained using the total population in the studied areas, i.e. in the West Bank excluding East Jerusalem, as a reference.
In order to compare mortality patterns in urban, rural and camp areas and given the absence of detailed demographic data, standardised proportional mortality ratios were computed and reported as percentages (SPMR%). These proportional ratios were computed for specific causes. The expected number of deaths was computed using the same reference population as for the SMR. Detailed results are also reported in the supplemental material.
Almost two million people were living in the studied areas in 2007 ( Table 2 ). The percentage distribution of the population (Additional file 1: Table S2 ) is typical of developing countries. 77 % of males and 75.8 % of females were below 35 years old, while 2.9 % of males and 4.1 % of females were older than 65 year. Hebron had the youngest population with 80 % of males and females below 35 years of age.
The PMoH gave the Institute of Community and Public Health authorisation to analyse the data in 2005. In addition, Birzeit University's Central Ethics Committee stipulates, in item 5 under General Guidelines, that "Research entailing the use and /or analysis of already collected data, such as, for example, the Palestinian Central Bureau of Statistics data sets, and other such data which were collected by various institutions and researchers; or research entailing reading texts and analyzing for content, do not need ethical reviews". As such, ethical review for this study was waived, given that data were collected by others and did not reveal the identity of participants in any way.
Results and Discussion

Quality of mortality data
The percentages of ill-defined diseases (Table 3) 
Mortality from all causes
In the period 1999-2009, a total of 59,627 deaths were analysed with a yearly average of 5,421 deaths (3,019 males and 2,401 females). The crude death rate for males was 308 and 252 for females per 100,000 per year, with a gender difference of 56 deaths per 100,000. The gender difference in the crude mortality rate was highest in the central governorates, with 68 per 100,000, and least in the southern governorates, with 49.7 per 100,000. Crude mortality rates were higher for both males and females in the northern governorates compared to the central and southern governorates. Direct age standardized mortality rates, computed to allow for international comparison, revealed higher mortality rates in the northern governorates, with the exception of the Salfit governorate. Direct standardised rates in the central and southern governorates among males were lower than in the whole of the West Bank; they were also lower in the central governorates among females, while the standardised values for the southern governorates were similar to those values obtained for the whole of the West Bank
Cancer mortality
For cancer mortality, different patterns in the SMR distribution were observed according to both gender and governorates (Table 4) . Among males the highest SMRs were found in Jenin-Tubas in the north and in Bethlehem in the south, and the lowest in Qalqilya in the north and Ramallah in the center of the West Bank. Among females, the highest SMRs were also found in Bethlehem in the south and the lowest in the central governorates of Ramallah and Jericho. The most common cause of death out of all cancer types was lung cancer among males, with 781 deaths, and breast cancer among females, with 584 deaths ( Overall available mortality data for the West Bank of the occupied Palestinian territory is of medium quality according to the WHO's proposed criteria [10] . The proportion of ill-defined diseases has decreased over time, reaching an average of 9 % overall and ranging between 7 % in 2009 and 11 % in 2003. This improvement in the quality of death data registration could be due to officials realising the importance of establishing good vital statistics registries in countries and territories with limited resources such as the occupied Palestinian territory. It could also be due to an observed gradual improvement in the capacities of personnel working with the PMoH and other governmental offices. Furthermore, although the level of death registry completeness was very good, differences in completeness between governorates and localities could not be assessed and are important to study in the future to ensure proper national coverage.
Regional variation in the proportion of ill-defined diseases indicates better quality of death certificates in the centre (8.3 %) and south (8.1 %) than in the north (11.1 %) of the West Bank. Thus the focus of future implementations should be on continuous training concerning the importance of accurate recording and refresher courses to support any changes in ICD classification or improvements in procedures and methodologies over time. The target audience should be medical students and medical residents and officers. It is important to emphasise that training for filling in death certificates should not be only in the form of lectures. Indeed, this is because interactive training workshops have been shown to be more effective than listening to a lecturer and receiving printed materials [11] . At the same time, local experience indicates that hands-on supportive training and supervision can also be effective. Training should target physicians working in both hospitals and in communities at the primary health care level, especially those working in rural communities [12] where follow up and supervision may be sub-optimal. Among the northern governorates, Jenin-Tubas, Tulkarm and Nablus showed the highest total West Bank mortality for males and females. The lowest total mortality was found in all central and southern governorates, but also in Salfit in the north. Moreover the results of the study detected regional variations in the most common cancer deaths. Mortality by all neoplasms showed variations in geographic patterns, with high values only in Bethlehem in the south, which is mainly due to lung cancer in both genders and to all female cancers (breast and other female cancer). Moreover, males showed the highest mortality rates for colon cancer in Bethlehem as well. In the Jenin-Tubas governorates in the north of the West Bank, we also found high mortality for all cancers, which was mainly due to lung cancer. In Nablus in the north, we found the highest values for bladder and brain cancers among males. It is important to note that governorates in the West Bank were divided by the PCBS based on population size without taking into consideration the cultural and behavioural similarities and differences among governorates and locales. Thus, for example, Salfit is closer to the central governorates than the northern ones, yet it is classified as part of the northern governorates. In addition, even though Bethlehem is culturally different from Hebron and similar in general socioeconomic and other characteristics to the central West Bank governorates, both Bethlehem and Hebron are considered part of the south West Bank.
Thus, the observed variations among governorates can be partially explained by the variation due to differences in the social and cultural environments leading to differences in ways of life as well as variations in access to services. Several hypotheses were developed to explain the influence of the context of place on health outcome. Such influences include environmental contamination, psychosocial stress, social isolation and disruption in social networks [13] , [14] among other influences of place on health. In the Palestinian context, the central governorates (Ramallah and Jericho) were found to have the lowest standardised mortality rates for most cancers. This might be explained by the higher educational levels of the population in the central West Bank and the relative availability of and accessibility to health services compared to the north and the south. This is not restricted to medical services, but also includes exposure to awareness campaigns, screening programs and the availability of skilled specialists. Indeed, the central governorates, mainly Ramallah and Jerusalem (Jerusalem Areas under Palestinian Authority control-J2), have higher standards of living compared to the other governorates, ways of life which is more open to the outside world [15] and likely with higher levels of access to information related to prevention and promotion compared to the other governorates.
Furthermore, it is important to note that the central governorates are not as strictly segregated from each other by the Israeli army, and have fewer Israeli military check points compared to the northern ones [16] .
Contextual and cultural factors may explain some of the regional variations, especially the low lung cancer mortality among males in the southern governorates. The southern governorates have the lowest cigarettes smoking prevalence compared to the northern governorates, which might explain the observed mortality rates [17] . In addition, the southern governorates have the highest standardised mortality rate for breast cancer. Socio-cultural barriers obstructing the access of women seeking health care may possibly explain these results. Initial investigations focusing on why Palestinian females in the West Bank do not seek breast cancer screening found that personal, cultural and environmental barriers prevent them from utilising screening services [18] . Initial evidence from a recent study of breast cancer among women in the occupied Palestinian territory indicates that women's faith and reliance on God (Tawwakkul), as opposed to dependence (Ittikal) and fatalism are at play. This does not exclude a level of agency where women perceive treatment as their responsibility, but where socio-economic and cultural barriers may prevent them from seeking screening or treatment services [19] . However, more in-depth investigation is needed to explain the findings of this research.
Another possible explanation of this research's findings is the increased presence of environmental risk in some West Bank governorates compared to others [20] , [21] . The northern and southern governorates are in closer contact with the Israeli borders and area C locales. Area C locales are Palestinian areas but are under total Israeli military control. There are claims pertaining to Israel using these Palestinian areas as dumpsites for hazardous waste, which could also partially explain our findings. One the other hand, the northern and southern governorates contain substantial agricultural land, and the misuse of pesticides and fertilisers might be another possible environmental risk which could help explain our findings [22] , [23] , [24] . Overall, the results of this study highlight the need to understand why such regional variations exist. That is, more investigations need to be completed so that we are better able to understand the patterns observed in this study as well as the risk factors associated with cancer.
Strength and limitations
This study is based on death certificates collected by the Palestinian Ministry of Health. The quality of death certificates has improved over time, but more efforts are needed, especially in training medical students, medical residence and doctors in the urban and rural communities. Some northern governorates had poorer quality data compared to other governorates. Thus, the results should be cautiously interpreted, and hopefully, this analysis will help in alerting officials and prompt them to support the northern governorate to improve their death registry. Likewise, we hope that this analysis will also bring in the realization among Palestinian policymakers that the issue of data quality and registry completeness should to be a national priority. Some potentially important regional variations in cancer mortality were not found to be statistically significant, perhaps because of the small number of reported cases dying from certain types of cancers or because of a problem with underreporting. Nevertheless, the results of this ecological study are useful to generate hypotheses for further research in this field.
Conclusion
This study documents regional variations in deaths due to cancer among the Palestinian West Bank population. The observed variations could be explained by personal, contextual and environmental factors that need to be investigated in-depth in order to inform policy makers and chart out further training needs and other activities, such as hands-on supervision of the death registering process, so that registries can become an adequate source of information as a tool for policies and practices. 
